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To obtain reliable results in quantitative PCR (qPCR) reactions, an endogenous control (EC) gene is needed to correct for sys-
tematic variations. In this study, a TaqMan low density array was used to quantify the expression levels of microRNA (miRNA) 
genes in in vivo fertilized, in vitro fertilized, parthenogenetic and somatic cell nuclear transfer blastocysts. The aim was to identify 
suitable EC genes for the qPCR analysis of miRNAs in porcine blastocysts. The results showed that thirty-six miRNAs were 
commonly expressed in the four kinds of embryos and the expression levels of eleven miRNAs were similar in the different em-
bryo types (P-value>0.05). These 11 miRNAs were selected as candidate EC genes for further analysis and, of these, miR-16 
was identified as the most stable EC gene by the GeNorm (a tool based on a pair-wise comparison model that calculates the 
internal control genes stability measure and determines the most reliable pair of EC genes) and NormFinder (an excel plug-in 
that uses an ANOVA-based model to estimate intra- and inter- group variation to indicate the single most stable EC gene) pro-
grams. In addition, a cell number normalization method validated miR-16 as a suitable EC gene for use in future qPCR analy-
sis of miRNAs in porcine blastocysts. 
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MicroRNAs (miRNAs) are a large family of short non- 
coding RNAs (~22 nucleotides), and in mammals, more 
than 400 different miRNAs have been identified, most of 
which are well conserved in the different species [1]. 
MiRNAs are initially transcribed as long primary transcripts 
(pri-miRNAs) that are processed first by the RNase enzyme 
complex, Drosha-DGCR8, and then by Dicer, leading to the 
incorporation of a single strand into the RNA-induced si-
lencing complex [2]. By pairing with partially complemen-
tary sequences in the 3′-untranslated regions of the target 
mRNAs, miRNAs can either repress translational efficiency 
or induce transcript decay [3]. It is estimated that at least 
20% of human genes are targeted by miRNAs [4]. MiRNAs 
have been implicated in regulating embryonic stem cell dif-
ferentiation [5–7], DNA methylation [8–10], and early em-
bryonic development [11,12]. 
Real-time quantitative PCR (qPCR) is by far the pre-
ferred method for miRNA expression quantification studies 
because of its sensitivity, specificity and wide dynamic 
range [13]. In qPCR experiment, several variables including 
amount and quality of RNA, enzymatic efficiencies and 
differences between tissues or cells in overall transcriptional 
activity need to be normalized to produce reliable data and 
incorporating an endogenous control (EC) gene has been 
found to be an effective method [14]. Because miRNAs are 
expressed in a tissue-specific pattern [15], there is currently 
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no consensus on suitable EC genes for the quantitative 
analysis of miRNAs. To identify suitable EC genes for the 
qPCR analysis of miRNAs in different kinds of porcine 
blastocysts, the present study was conducted to quantify the 
expression levels of the miRNAs in in vivo fertilized (IVO), 
in vitro fertilized (IVF), parthenogenetic (PA) and somatic 
cell nuclear transfer (SCNT) blastocysts. 
1  Materials and methods 
1.1  Generation of porcine IVO, IVF, PA and SCNT 
blastocysts 
Porcine IVO, IVF, PA and SCNT blastocysts were used for 
the miRNA profiling assays. Ten embryos were chosen per 
group in two replicates for the TaqMan Array experiment. 
Animals were treated according to the China Agricultural 
University animal care protocol and guidelines. All chemi-
cals were purchased from Sigma (St. Louis, MO, USA), 
unless otherwise stated.  
Black-coated Xiang pigs were bred in the China Agri-
cultural University and used to collect the in vivo blasto-
cysts. Estrous sows were mated with breeding boar twice 
with a 12 h interval. On day 7 after the mating, the sows 
(n=20) were electrically stunned and exsanguinated. The 
genital tracts were removed immediately after death, and 
the IVO blastocysts were recovered by flushing the uterine 
horn with Dulbecco’s phosphate buffered saline (DPBS) 
supplemented with 0.1% BSA.  
SCNT and PA embryos were produced based on a pre-
vious method [16]. In brief, in vitro matured oocytes were 
treated with 10 g mL1 Hoechst33342 for 5–10 min, and 
enucleated under a fluorescence microscope equipped with 
a manipulation system (Eppendorf, Germany). Then, a sin-
gle fibroblast cell was injected into the perivitelline space of 
the enucleated oocyte. After 1 h recovery in HEPES buff-
ered NCSU-23, the reconstructed couplets were fused in a 
fusion medium (0.25 mol L1 mannitol, 0.1 mmol L1 CaCl2, 
0.1 mmol L1 MgCl2, 0.5 mmol L1 HEPES and 0.1 mg 
mL1 PVA) with two DC pulses of 1.6 kV cm1 for 100 μs 
each with a 100 s interval. The fused embryos were trans-
ferred into porcine zygote medium 3 (PZM3) supplemented 
with 10 g mL1 cytochalasin B (CB) and 10 g mL1 cy-
cloheximide (CHX) and cultured at 39°C in 5% CO2, 5% O2 
and 90% N2 with 100% humidity for 4 h, and then again 
transferred and cultured in PZM3. Parthenogenetic activa-
tion was conducted using the same activation parameters as 
were used for the SCNT blastocysts. The IVF embryo pro-
duction was conducted based on our previous report [17]. 
Briefly, oocytes matured in vitro for 42–44 h were digested 
and pipetted in 0.1% hyaluronidase to remove the cumulus 
cells. After washings, the oocytes were placed in drops of 
IVF medium which had been kept for 18–24 h in the incu-
bator before use. Then the fresh spermatozoa were washed, 
centrifuged and resuspended in the IVF medium, before 
being added to the drops of IVF medium containing the 
oocytes with a final concentration of spermatozoa of 
1–1.5×106 mL1. After co-incubation for 6 h, the putative 
zygotes were washed three times and transferred to the 
PZM3 for further cultures. Blastocysts of the IVO, SCNT, 
PA and IVF embryos with good morphology were collected 
in DEPC-PBS and stored at 80°C. 
1.2  Low density miRNA TaqMan Array 
The low density miRNA TaqMan Array functions as an 
array of reaction vessels for the PCR step based on the mul-
tiplex stem-loop qRT-PCR format [18,19]. In the low den-
sity miRNA TaqMan Array experiment, 10 blastocysts per 
embryo group were used and the experiment was performed 
twice. Because of the small number of cells used in the ex-
periment, all the miRNAs were released from the blasto-
cysts using the cell heat lysate method [18]; the obtained 
samples were directly used as templates for reverse tran-
scription (RT). The cycle parameters for the RT reaction 
were 16°C for 30 min, 42°C for 30 min, 85°C for 5 min, 
and hold at 4°C. The miRNA expression profile was ob-
tained using the TaqMan Array Human MicroRNA Panel 
v1.0 containing 365 miRNA targets (Applied Biosystems, 
Foster City, CA). Gene expression levels were quantified 
using the ABI Prism 7900HT sequence detection system. 
Cycling conditions were as follows: 95°C for 10 min, fol-
lowed by 40 cycles of 95°C for 15 s and 60°C for 60 s. The 
array experiments were performed twice using samples 
from independent biological experiments.  
1.3  Method for endogenous control (EC) gene selection 
Threshold cycle (Ct) values generated by qPCR reaction 
were converted to relative quantities using the formula 2Ct 
recommended by Livak et al. [20] with Ct=average Ct test 
sample–average Ct calibrator sample.  
1.4  GeNorm and NormFinder programs 
Stability of EC expression was analyzed using two pro-
grams, GeNorm and NormFinder. The GeNorm tool which 
is based on a pair-wise comparison model was used to cal-
culate the internal control genes-stability measure (M) to 
determine the most reliable pair of EC genes [21]. 
NormFinder, an excel plug-in in the ANOVA-based model, 
was used to estimate intra- and inter- group variation. 
NormFinder ranks candidate control genes by estimating 
their expression stability and indicates the single most stable 
EC gene [22]. 
1.5  Q-PCR data analysis 
Expression levels of the miRNAs were calculated utilizing 
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the 2Ct method, with Ct=(Ct target gene, test sam-
ple–Ct endogenous control gene, test sample)(Ct target 
gene, calibrator sample–Ct endogenous control gene, cali-
brator sample). In the present study, the IVO blastocysts 
were used as the calibrator sample. 
1.6  Q-PCR measurement for single miRNA 
A single blastocyst from each embryo type was collected as 
mentioned above. After cell lysis all the miRNAs were re-
leased and used as templates for the RT reaction. The cycle 
parameters for the RT and PCR reactions were the same as 
those used in the TaqMan Array experiment. All reactions 
were run in triplicate. The 2Ct formula was used to calcu-
late the relative quantities. Lin-4 miRNA was diluted in 
concentration gradients and used to draw the standard 
curves. 
1.7  Statistical analysis 
One-way ANOVA (SPSS 16.0, SPSS Inc. Chicago, USA) 
was used to determine differences in the relative expression 
levels of the miRNAs between different groups of blasto-
cysts. A P-value <0.05 was considered to be statistically 
significant. 
2  Results 
2.1  Developmental potential of the different embryo 
types 
Blastocyst formation rate and cell number in the different 
embryo types are summarized in Table 1. As shown, the 
percentage of blastocyst in the SCNT embryos was signifi-
cantly lower than the percentage in the IVF and PA embry-
os (P<0.05) and the number of blastocysts in the SCNT 
embryos was also significantly lower than in the other two 
types of embryos (P<0.05). 
2.2  Eleven candidate EC genes that were not differen-
tially expressed in the blastocysts 
Thirty-six miRNAs were found to be commonly expressed 
in the four kinds of blastocysts (Table 2). The relative quan- 
Table 1  Development rate and blastocyst cell number in the different 
embryo typesa) 
Embryo type Total 
No. blastocysts 
(%) 
No. cells in blastocysts 
(No. embryos tested) 
SCNT 498 52 (10.44)a 36.38±4.33a (13) 
PA 205 66 (32.20)b 43.50±4.20b (16) 
IVF 398 65 (16.33)c 47.12±4.95c (17) 
a) Values with different superscripts in the same column are signifi-
cantly different (P<0.05). 
Table 2  MiRNAs that were commonly expressed in the four kinds of 
blastocysts 
Group (number) miRNAs 
Commonly expressed miRNAs in the 
four kinds of blastocysts (36) 
miR-103, miR-106b, miR-125a, 
miR-130a, miR-130b, miR-133b, 
miR-148a, miR-151, miR-15b, 
miR-16, miR-182, miR-186, 
miR-191, miR-19a, miR-19b, 
miR-203, miR-20a, miR-222, 
miR-24, miR-25, miR-26a, miR-26b, 
miR-28, miR-301, miR-302b, 
miR-302c, miR-30a-5p, miR-30b, 
miR-30c, miR-30d, miR-367, 
miR-374, miR-378, miR-484, 
miR-92, miR-93 
 
tities of these 36 miRNAs were calculated using the 2Ct 
method; the IVO blastocysts were used as the calibrator 
sample (Figure 1). Eleven miRNAs (miR-148a, miR-16, 
miR-186, miR-20a, miR-24, miR-26a, miR-26b, miR-302b, 
miR-302c, miR-374 and miR-92) were not differentially 
expressed in the four kinds of embryos (P>0.05) (Figure 1). 
Because EC genes should be stably expressed in the test 
samples, we selected these 11 miRNAs as candidate EC 
genes for further analysis. 
2.3  MiR-16 as the most suitable EC gene for qPCR in 
porcine embryos 
The GeNorm analysis showed that miR-374 was the least 
stable of the 11 miRNA genes, while miR-16 and miR-302b 
were the two genes that were most stably expressed (Figure 2). 
Because the GeNorm program requires a pair of control 
genes to calculate M, the two most stably expressed EC 
genes could not be ranked any further. For further analysis, 
the NormFinder program was used. A stability value of 
0.022 was obtained for the miR-16 gene, identifying it as 
the most stably expressed of the 11 candidate EC genes (the 
lower the stability value, the higher the gene stability). The 
results of the ranking of the candidate EC genes using these 
two programs are shown in Table 3. The miR-16 gene was 
therefore selected as the EC gene to be used in our research. 
2.4  Validation of the GeNorm and NormFinder results 
using a cell number normalization method 
One of the most important roles of the EC gene is to correct 
for variations caused by different cell numbers; in this study, 
the variations are in the number of cells in the four kinds of 
blastocysts. Therefore, we proposed that the results of EC 
normalization should be consistent with the results normal-
ized by cell number. To validate the results obtained using 
the GeNorm and NormFinder programs, we determined the 
expression levels of the miR-27a gene in the blastocysts by 
both the cell number normalization method and the EC 
method. As shown in Figure 3, miR-27a was found by both 
methods to be significantly expressed in the SCNT blasto-
cysts compared with in the other embryo types (P<0.01). 






























































































































































































































































Figure 1  Relative quantification of the 36 miRNAs that were commonly expressed in the four kinds of blastocysts. The red box indicates the 11 miRNAs 
that were not differentially expressed in the four different blastocyst types. 
 
 
Figure 2  GeNorm analysis of the stability of the candidate EC genes. A, Average expression stability of the EC candidates calculated using GeNorm. A 
stability value (M) was calculated for each candidate EC. The least stable gene with the highest M value was automatically excluded and M values was re-
calculated for the remaining EC genes, ultimately resulting in a stability value for the two most stable EC genes (miR-16 and miR-302b). B, Determination 
of the optimal number of EC genes for normalization. The V value defines the pairwise variation between two sequential normalization factors. The least  
number of genes for each V<0.15 was selected as the optimal set of genes for normalization. 
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1 miR-16 0.022  miR-16 0.350 
2 miR-302b 0.065  miR-302b 0.363 
3 miR-26b 0.113  miR-26b 0.387 
4 miR-20a 0.166  miR-20a 0.420 
5 miR-92 0.206  miR-92 0.441 
6 miR-302c 0.247  miR-302c 0.479 
7 miR-26a 0.291  miR-26a 0.514 
8 miR-24 0.305  miR-24 0.549 
9 miR-148a 0.336  miR-148a 0.568 
10 miR-186 0.344  miR-186 0.572 
11 miR-374 0.356  miR-374 0.594 
3  Discussion 
Ribosomal RNAs (rRNA), small nuclear RNA (snRNA), 
small nucleolar RNAs (snoRNAs) and U6 snRNA (RNU6B) 
have been commonly used as EC genes in the qPCR analy-
sis of miRNAs. However, concerns have been expressed 
regarding the use of rRNAs in normalization strategies be-
cause they are often expressed at much higher levels than 
the target miRNAs making it very difficult to quantify an 
rRNA and a rare miRNA transcript in the same RNA dilu-
tion [23]. Further, it has been reported that snRNAs and 
snoRNAs may exhibit tissue-specific and developmental 
regulation [24] and RNU6B was found to be less stably ex-
pressed than the other genes [25]. Thus the genes that have 
been used as EC genes are no longer thought to be suitable 
for the quantification of miRNAs making it was necessary 
to establish the most suitable EC genes in individual ex-
periments. In this study, miR-16 was identified as the most 
suitable EC gene in porcine blastocysts and to our 
knowledge this is the first report of the establishment of 
reliable EC genes for the qPCR analysis of miRNAs in por-
cine embryos. 
GeNorm and NormFinder software have been widely 
used to identify suitable EC genes for qPCR experiments. 
GeNorm generates a gene-stability measure (M) which can 
be defined as the average pairwise variation (V) for one 
candidate EC gene compared to all other candidate EC 
genes. Stepwise exclusion of the gene with the highest M 
value results in the recalculation of M values till the most 
stable pair remains [21]. In GeNorm, a normalization factor 
(NF) is generated for each sample using the geometric av-
erage of the expression of the most stable EC genes. The 
pairwise variation value, V is the variation between two 
sequential NFs (Vn/n+1, where n=the number of ECs used). 
The least number of genes for each V<0.15 was selected as 
the optimal set of genes for normalization. Although it has 
been reported that the more EC genes that are used in the 
calculation, the more reliable the result, considering the cost 
and complexity in conducting the experiment and data 
analysis, fewer EC genes might be recommended. In our 
experiment, because the V value of two candidate EC genes 
was 0.092, much lower than 0.15, it was proposed that, in 
our study, one EC gene should be adequate to correct for 
any variations between the embryo types. Because the 
GeNorm program requires a pair of control gene to calcu-
late M, the two most stably expressed EC genes cannot be 
ranked any further. Therefore, to identify the most stably 
expressed EC gene, NormFinder was used to rank the same 
11 candidate EC genes that were ranked by GeNorm. 
NormFinder ranked miR-16 as the most stable of the candi-
date EC genes. 
In the present study, the aim was to identify an EC gene 
that could be used to correct for variations caused by dif-
ferent cell numbers in the four kinds of blastocysts to be 
studied. For the EC gene to be considered suitable, the re-
sults normalized by the selected EC gene had to be con-
sistent with the results corrected by the blastocyst cell 
numbers. To validate the selection of miR-16 as the EC 
gene, the expression levels of miR-27a in the four kinds of 
blastocysts were analyzed using both normalization meth-
ods. As shown in Figure 3, the two methods produced simi-
lar results, firmly establishing miR-16 as a suitable EC gene 




Figure 3  MiR-27a expression levels in the four kinds of blastocysts using two different normalization methods. A, The miR-27a expression levels were 
normalized using blastocyst cell number. B, The miR-27a expression levels were normalized using miR-16 as the EC gene. 
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